I N D U S T R Y T R E N D S
A key limitation for wireless technologies has been slow transmission rates that didn't come close to providing the capabilities of wireline services. This left the technologies unable to offer fast downloads or handle multimedia and other desirable applications. Now, however, wireless approaches that use orthogonal frequency division multiplexing (OFDM)-a modulation technique for transmitting large amounts of digital data over a radio wave-are boasting high speeds. For example, IEEE 802.11a and 802.11g wireless LAN (WLAN) standards offer theoretical maximum speeds of 54 Mbits per second, with real-world data rates of up to 22 Mbps. This is higher than the rates produced by previous WLAN technologies such as IEEE 802.11b.
The European Telecommunications Standards Institute's proposed Hiper-LAN2 (high-performance radio LAN 2) and Japan's Mobile Multimedia Access Communications broadband WLAN technologies also use OFDM.
In addition to WLANs, vendors like Flarion Technologies and NextNet Wireless are using OFDM to bring higher speeds to fixed-wireless metropolitan area networks (MANs).
Service providers are also looking at OFDM for their broadband mobile services, including those used in cellular phones and PDAs. In fact, even as codedivision multiple access (CDMA)-based third-generation (3G) mobile wireless data and voice services finally enter the US market, some companies are looking to OFDM to drive faster 4G wireless systems.
However, OFDM probably won't experience completely smooth sailing. For example, Allen Nogee, senior analyst for wireless component technology at In-Stat/MDR, a market research firm, said that with cellular 4G, even if OFDM is proven to be superior technology, market-leading CDMA-based vendors and carriers are likely to fight to maintain their large customer base.
Also, numerous incompatible OFDM standards may limit the technology's broad usefulness and widespread adoption.
A CLOSER LOOK AT OFDM
While new to wireless technology, OFDM dates back to the late 1960s, as the subject of research into ways to minimize interference among transmission channels close to one another in frequency. OFDM has been used in such disparate ways as asymmetric-DSL broadband Internet access, as well as European digital audio and video broadcast services.
The principal driving forces behind OFDM's increased popularity in wireless technology are the general demand for faster approaches and the specific desire to run multimedia applications, which are data intensive and thus require higher speeds.
OFDM has become practical for more widespread use because it relies on high-speed digital signal processors, and DSPs have only recently become available at a price that makes OFDM a competitive technology in the marketplace.
The technology
OFDM splits a data-bearing radio signal into multiple smaller signal sets and modulates each onto a different subcarrier, transmitting them simultaneously at different frequencies.
The technology achieves higher bandwidth than other forms of multiplexing by using a number of parallel subcarriers spaced orthogonally as closely as possible in frequency without overlapping or interfering, explained Douglas Jones, professor of electrical and computer engineering at the University of Illinois, Urbana-Champaign. Because adjacent subchannels are orthogonal to one another, they have no overlap and thus usually create little interference.
Generally, Jones said, OFDM uses the fast Fourier transform (FFT) algorithm on both transmitter and receiver to mathematically transform signals and thereby efficiently space the frequencies so that they are as close together as possible, yet still orthogonal.
Wireless systems use various frequency-modulation methods to transmit high volumes of material via OFDM.
For example, IEEE 802.11a uses the binary phase-shift keying approach to achieve 6-to 9-Mbps data rates; quadrature phase shift keying for 12-to 18-Mbps rates; and quadrature amplitude modulation for 24-to 54-Mbps rates. The faster approaches are more susceptible to interference and require more digital signal processing power, and thus are not suitable for all situations.
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OFDM also transmits 6-bit data segments, instead of the typical binary segments. This approach crams a lot of data into relatively little bandwidth.
The technology prioritizes the reduction of interference among channels and places less emphasis on perfecting the quality of individual channels. This is because OFDM transmits signals in parallel, so a problem with one channel will cause minimal overall difficulties, which often can be fixed via errorcorrection technology.
As Figure 1 shows, OFDM is almost always implemented in embedded chipsets made up of radio transceivers, FFT processors, system I/O, serial-toparallel and parallel-to-serial translators, and OFDM logic.
Reducing interference
OFDM also improves performance by minimizing multipath distortion, a problem experienced by single-carrier wireless technologies such as CDMA. Multipath distortion occurs when a transmitted wireless signal bounces off a building, tree, or other surface, creating copies that arrive at the destination at different times, thereby degrading overall signal quality.
OFDM deployments typically protect against interference via forward error correction. OFDM also combats the problem by transmitting each bit relatively slowly, the University of Illinois' Jones explained. For example, to transmit 1 Mbit per second, a system could send one bit per microsecond. However, if a transmission were delayed by slightly more than a microsecond, it would overlap the next signal, causing interference.
However, if a system transmits 1,000 bits in parallel over 1,000 OFDM subchannels, one bit could be transmitted per millisecond and still yield an aggregate 1 Mbit per second data rate. In this case, a signal delay of slightly more than a microsecond would overlap only one-thousandth of the next bit's transmission period, thereby causing almost no noise.
OFDM's reduction in interference, distortion, and multipath delay eliminates the need, experienced by CDMA, for additional system elements such as equalizers to cope with this problem. This, in turn, reduces system cost, complexity, and power consumption.
Challenges
OFDM's radio components are built to run at a system's peak, not average, power usage. This consumes a lot of power, which is a problem for batterypowered devices such as laptops and PDAs.
Other challenges include phase distortion, noise, and sensitivity to frequency instability caused when a receiver's voltage-controlled oscillator doesn't run at exactly the same carrier frequency as the transmitter's VCO.
OFDM VARIATIONS
A key obstacle to OFDM adoption is that there are numerous incompatible versions and no single standard. (See the sidebar "The Many Flavors of OFDM.") For example, IEEE 802.11a and HiperLAN2 implement different OFDM versions.
Like other multicarrier systems, OFDM has vast variations between its signal-power peaks and valleys. There are many ways to deal with this problem. For example, IEEE 802.11a implementations of OFDM limit power output, to reduce energy consumption, and retransmit packets if data is missing.
However, other OFDM implementations use digital signal processors in different ways to eliminate peak-andvalley problems. They are thus incompatible because the DSPs can't talk to one another.
Numerous companies use their own proprietary OFDM approaches. there are many operators proceeding with CDMA."
On the other hand, Rajiv Laroia, Flarion's founder and chief technical officer, predicts OFDM will play a major role in 4G mobile networks.
Laroia said, "Wireless systems originally architected for circuit-voice and then adapted for data, such as 3G, cannot cost-effectively provide the whole Internet experience to mobile users." On the other hand, he explained, OFDM can increase transmission speeds at more attractive prices.
According to Navin Sabharwal, director of residential and networking technologies for Allied Business Intelligence, a market research firm, this isn't a concern. He said OFDM doesn't need to be standardized because it is an underlying signal-modulation technique that vendors should be able to adapt for different applications.
The OFDM Forum-an association of hardware manufacturers, software firms, and other wireless OFDM users-disagrees. As is the case with other technologies, OFDM needs standardization to enable widespread use, encourage adoption, and thereby grow the market, argued Shawn Taylor, chief scientist at Wi-LAN Inc., an OFDM founder and vendor of high-speed wireless communications products.
LOOKING AHEAD
OFDM is already playing an important role in WLANs and is beginning to do so with MANs. During the next five years, some industry observersincluding Paul Kellett, senior director of research for Pioneer Consultingpredict there will be a war between OFDM and CDMA for dominance of the broadband wireless market.
However, noted In-Stat/MDR's Nogee, there isn't much of a battle today. Despite OFDM's technical advantages in some areas, he said, the technology is new to wireless, while CDMA already has 150 million worldwide subscribers. And, he explained, OFDM operates differently than CDMA, so users cannot simply substitute it in their existing implementations.
Moreover, Nogee said, although OFDM has proven itself with packetbased data, it is not clear whether the technology can either handle large numbers of voice customers or work with both voice and data as well as CDMA.
And thus, noted Edward Rerisi, a senior analyst at Allied Business Intelligence, "As of today, we know of no major wireless operator going ahead with an OFDM platform for its mobile data-delivery solution. But 
The Many Flavors of OFDM
The various types of OFDM include:
Vector OFDM
Broadband silicon vendor Broadcom and Cisco Systems developed VOFDM. This system works with spatial diversity, which uses multipath signal reflections to increase bandwidth and range via special antennas and signal processing. It uses antennas to capture the signals and high-powered processing to normalize the delays into a higher throughput data stream. VOFDM is most often used in fixed-wireless metropolitan area networks (MANs).
Wideband OFDM
The OFDM Forum says Wi-LAN's W-OFDM should be the standard version. Rather than using tightly packed orthogonal carriers, W-OFDM introduces additional frequency space between the orthogonal channels. This further reduces interference and permits higher tolerance for OFDM transmission problems such as jitter. Businesses and wireless Internet service providers are using W-OFDM in MANs, for which transceivers tend to be outdoors and require a more tolerant approach.
F-OFDM
Flarion created F-OFDM by incorporating fast-frequency-hopping spreadspectrum technology, which repeatedly switches frequencies during a radio transmission. This system transmits a signal across a much wider frequency band than is required. This spreads the energy across a higher number of channels on a wider spectrum, thereby increasing signal capacity. Flarion designed F-OFDM, which is currently undergoing field testing, to deliver broadband services to cellular-phone and other mobile users.
MIMO-OFDM
Multiple-input, multiple-output OFDM was developed by Iospan Wireless. Basically, MIMO-OFDM uses OFDM to break up a signal and wirelessly transmit the pieces simultaneously via multiple antennas. The receiver subsequently reassembles the pieces. MIMO-OFDM lets providers offer fixed broadband wireless access systems that don't require a line of sight between transmitter and receiver. 
